Evaluation of the photooxidation of galactosyl- and lactosylceramide by electrospray ionization mass spectrometry.
Glycosphingolipids are important lipid molecules namely as constituents of the plasma membrane organized in lipid rafts, in signal transduction, and cell-cell communication. Although many human diseases are associated with oxidative stress and lipid oxidation, a link between oxidative stress and modification of glycosphingolipids has never been addressed. In this study, the structural changes caused by UVA-induced photooxidation of galactosyl- (GalCer) and lactosylceramide (LacCer) molecular species were studied by electrospray ionization mass spectrometry (ESI-MS and MS/MS), using a quadrupole time-of-flight (QTOF) mass spectrometer and high-performance liquid chromatography/tandem mass spectrometry with a C5 stationary phase (C5 HPLC/MS/MS) using a linear ion trap. ESI-MS spectra of GalCer and LacCer after photooxidation showed new ions with a mass shift of +32 Da when compared with the ions of the non-modified glycosphingolipids. These new species were assigned as hydroperoxyl derivatives, confirmed by HPLC/MS/MS and through FOX 2 assay. In the ESI-MS and LC/MS of lactosylceramide a new ion with lower m/z value, assigned as glucosylceramide (GlcCer) + 32 Da, was also detected and proposed to be formed due to oxidative cleavage of lactosyl moieties. ESI-MS/MS of the oxidized species allowed us to infer the presence of isomeric hydroperoxyl derivatives, with the hydroperoxyl moiety either linked to the sphingosine backbone or in the unsaturated acyl chain. Oxidation in the sugar moieties was observed in the case of LacCer, suggesting an oxidation via radical reactive oxygen species that can induce the oxidative cleavage of the lactosyl moiety. This study shows that glycosphingolipids are prone to oxidation and the identified mass spectrometry fingerprint of oxidized galactosyl- and lactosylceramide species will support their future identification in lipidomic studies of biological samples under oxidative conditions.